The National Institutes of Health Genetically Heterogeneous Rat Stock (NIH-HS) is a unique tool for genetic studies of complex traits due to its high genetic heterogeneity and to its high level of genetic recombinants accumulated along many outbreeding generations. In the present study, 90 NIH-HS male rats were tested for anxiety/fearfulness in the elevated zero-maze and in the open-field test in order to investigate the associations among defensive responses from both tests and, in particular, those among openfield self-grooming and freezing. These associations were evaluated by means of a correlational-factorial approach and an analysis of differences between subgroups displaying extreme scores in representative variables. The final factor analysis revealed a first factor with high loadings of all variables from the zero-maze ("Maze timidity/conflict" factor), and a second ( 
INTRODUCTION
The genetically heterogeneous NIH-HS rat stock ("National Institutes of Health Genetically Heterogeneous Rat Stock") was developed by Hansen and Spuhler [1] with the aim of having a more naturalistic rat type (as compared with the usual laboratory rat strains at that time), which could yield a broad-range distribution of responses to experimental conditions and could serve as a base population for selection studies. So, with the goal of optimizing the distribution of genotypic frequencies and recombination within the laboratory rat population, the NIH-HS rat stock was formed through an eight-way cross of as much as possible separate inbred strains which were readily available. These eight parental strains were: the MR/N, WN/N and WKY/N (these three strains trace their ancestry to the original Wistar stock); the M520/N and F344/N (both established in the 1920s, but of unknown origin); the ACI/N (hybrid between the August and Copenhagen strains), the BN/SsN (derived from a colour mutant from a stock of wild rats kept at the Wistar Institute) and the BUF/N strain [1, 2] .
The phenotypes showed by these NIH-HS rats in up to 16 ethanol-related traits lend initial support to the effectiveness of the program, as for all traits except one the values of the heterogeneous stock were within the high and low values of the eight founder inbred strains [1, 2] .
In our laboratory we have conducted extensive studies for the characterization of NIH-HS regarding their anxiety/fearfulness defensive profiles, as well as with regard to their stress hormone and "depressive-like" responses [3] [4] [5] [6] [7] [8] [9] [10] [11] . Collectively, the results from all these studies have revealed that the NIH-HS rat stock presents a behavioral/endocrine profile which fits well with one of a rather timid, anxious, passive (reactive) coper, stressprone and "despair-prone" rat.
Besides that, the multitest battery used across the above mentioned studies, comprising a series of unconditioned anxiety/fearfulness tests (novelty-induced exploratory activity, the light/dark box, the elevated zeromaze, the baseline acoustic startle response) as well as several conditioned fear or anxiety tests/tasks (the fearpotentiated startle, context-conditioned freezing, the acquisition of two-way active avoidance in a shuttle box), enabled us to achieve relevant conclusions concerning (i) what is measured by different (unconditioned and conditioned) anxiety/fear tests, and (ii) how different anxiety and fear responses are associated to each other to the point of forming dimensions or traits (see [4, 5, [7] [8] [9] ).
However, NIH-HS rats have not yet been evaluated in the open-field test, which is one of the most typical and traditional tests of fearfulness [12] [13] [14] [15] [16] [17] [18] [19] [20] . Its common use across most behavioural neuroscience laboratories makes it relevant to know how NIH-HS rats behave in the open field test. Besides the evaluation of horizontal/vertical exploratory activity and freezing behavior, the open field test also allows the study of self-grooming behavior, which is often interpreted as a fearfulness/anxiety-related behavior [15, [21] [22] [23] [24] , although as we will see below such an interpretation is still very controversial.
In fact, it is commonly assumed that in rats exposed to novelty for short periods (e.g. testing in novel cages/ environments, in the open field test, in the hole-board test, etc), which usually last for only 5 -10 minutes, the amount of self-grooming behaviour is an index of their fearfulness/anxiety or perceived stress levels. In support of that contention, experimental evidence shows, for instance: (i) The Roman High-avoidance (RHA) and Roman Low-Avoidance (RLA) rat lines/strains are relatively low and high anxious/fearful, respectively. In agreement with the above-mentioned contention that self-grooming represents anxiety/fear levels, RHAs display much less self-grooming than RLA rats when exposed to a variety of anxiety/fearfulness tests involving novelty, such as novel cage/timidity tests, different types of open-field tests, the elevated plus-maze test, the holeboard test, and others [15, 24, 25] . (ii) Likewise, in a F2 generation of rats (derived from the RHA-I and RLA-I strains; [21] self-grooming has been shown to be positively associated with other anxiety-related variables (see [21, 22] ) in factor analytical studies of various unconditioned and conditioned anxiety/fearfulness tests in a very large rat sample (n = 800 F2 rats; [21, 22] ). (iii) Selfgrooming behaviour in rats is increased through the manipulation of stress intensities, as well as by administration of some stress-inducing agents (for a review, see [26] ). (iv) Most outstandingly, tail-pinch stress, as well as the administration of the anxiogenic (GABAergic) drugs ZK 93426 and pentylenetetrazol induced fear-related behaviors and a parallel increase in self-grooming only in RLA rats (high-anxious) but not in the RHA rat line [27] . (v) Of similar relevance was the finding that novelty-induced self-grooming behaviour of RLA rats can be long-lastingly reduced neonatal handling, a treatment that is known for its enduring anti-anxiety and antistress behavioral and neurobiological effects [24] .
Despite the evidence in favour of self-grooming as an index of fearfulness/anxiety, most of the works devoted to investigate anxiety or novelty-induced behavior do not consider grooming as a target variable. That could be due, at least partly, to the fact that some influential works carried out in order to identify the dimensions of the rat exploratory behavior do not attribute to grooming the status as an anxiety measure, in contrast to what [21, 22] or Steimer et al. [23, 24] have suggested. For example, there have been reports on factor analyses (e.g. [28, 29] ) of elevated plus maze variables/responses in which selfgrooming loaded nearly isolated in a fourth or sixth factor (respectively), apart from an "anxiety factor", and was tentatively interpreted as "conflict" or "displaced activity". In addition, in their review on the utility of the open field test in evaluating the effects of drugs on anxiety-like behaviors, [30] reported contradictory findings concerning drug effects on open field-induced self-grooming: while some anxiolytics increased grooming activity, both anxiolytic and anxiogenic agents were reported to decrease it.
Besides studying the within-test associations (among variables from a given test), it is especially interesting and scientifically important to evaluate the relationships of open field responses, including freezing and selfgrooming, with anxiety-related variables from other tests (e.g. is self-grooming or freezing in the open-field test related/associated with an anxiety variable measured in a different test?), as this "across test" approach can strengthen (or weaken) the validity of a given response or variable. This "across test" approach has been seldomly used, with some exception as ( [21, 22] ; see review by Lopez-Aumatell et al. [9] ). In fact, Aguilar et al. [21, 22] used a multi-test approach (a battery of seven unconditioned and conditioned tests/tasks of anxiety/fearfulness) in a very large F2 rat sample and obtained evidence that self-grooming in the open field was associated with an-xiety-related variables from several other (unconditioned and conditioned) anxiety tests. Although such associations were mostly in the hypothetically-expected direction (e.g. the shorter the self-grooming duration in the open field test the lower the levels of anxiety in the shuttle box avoidance task), they were not very strong according to the relatively low factorial loadings [21, 22] . Thus the need to address this issue in NIH-HS rats by using the elevated zero-maze test of anxiety as a tool of external or concurrent validity to study associations with open-field test variables.
Thus, according to the anxious/fearful and passive coping profiles which characterize them (see above), we expected NIH-HS rats to display substantial grooming responses during open-field exposure (we expected values in the range of the typical scores of RLA rats, which usually spend between 40 -60 s self-grooming in 5-min novelty tests, significantly longer than their RHA counterparts; see for instance [15, 31, 24] ). Due to the high genetic heterogeneity and to the high level of genetic recombinants accumulated along many outbreeding generations (making the NIH-HS stock a unique tool for genetic studies of complex traits; (e.g. [3, 6] ) we expected that testing NIH-HS rats in the elevated zero-maze and the open-field tests would bring further relevant information on their behavioural defensive profile, as well as on the relationships among variables from both tests, including the associations of self-grooming and freezing with other behaviors. For the above reasons it is to be expected that the behavioural results obtained with these rats should be more generalizable than those obtained by using any other particular rat strain.
MATERIAL AND METHODS

Animals
Ninety adult male NIH-HS rats ("National Institutes of Health Genetically Heterogeneous Rat Stock" [1] ), from our permanent colony of 40 families, were used. The progenitors of our NIH-HS rat colony were kindly provided by Dr. Eva Redei in 2004 (Center for Comparative Medicine, Northwestern University, Chicago, USA) [7] . The original heterogeneous rat stock was derived from an eight-way cross of the following 8 inbred strains: the MR/N (Maudsley Reactive), WN/N (Wistar Nettleship) and WKY/N (Wistar Kyoto; these three strains trace their ancestry to the original Wistar stock); the M520/N and F344/N (Fischer 344; both strains established in the 1920s, but of unknown origin); the ACI/N (Agouti; hybrid between the August and Copenhagen strains), the BN/SsN (Brown Norway; derived from a color mutant from a stock of wild rats kept at the Wistar Institute) and the BUF/N (Buffalo) strain [1] .
Subjects were approximately 3.5 months old at the beginning of the experiment (weight: 291.24 ± 4.6; mean ± sem). They were housed in pairs in macrolon cages (50 cm × 25 cm × 14 cm), maintained with food and tap water available ad libitum, under conditions of controlled temperature (22˚C ± 2˚C; 50% -70% humidity) and a 12-h light/12-h dark cycle (lights on at 08:00 h).
Procedure and Apparatus
Experiments were performed during the light cycle, between 09:00 and 14:00 h., and in accordance with the Spanish legislation on "Protection of Animals Used for Experimental and Other Scientific Purposes" and the European Communities Council Directive (86/609/EEC) on this subject. The experimental protocol was approved by the Autonomous University of Barcelona Ethics committee. Two behavioral tests were administered, i.e. the elevated zero-maze and the open-field tests. One week elapsed between both tests. The characteristics of the tests and procedure were as follows:
Elevated Zero-Maze (ZM)
The maze, similar to that described by Shepherd 
Open-Field (OF)
It consisted of a circular platform (82.5 cm diameter) with 34 cm walls. The box floor was painted with black lines (2 mm) to form 19 equal sectors. The rat was placed at a peripheral sector in a position parallel to the wall. The test was carried out in the same room as the zero-maze test. However, the apparatus was illuminated by a white fluorescent (60 W) lamp. The number of crossings between sectors (Crossings), rearings (Rearings), stretched attend postures (SAP-OF) and the duration of freezing (Freezing) and grooming (Grooming) were measured for 5 minutes.
Statistical Analysis
A correlation matrix and an obliquely-rotated (oblimin direct) factor analysis were applied to study the associations among the 11 most relevant dependent variables (SPSS Windows, 17.0, SPSS Inc., USA). According to our previous works [7, 8] the next step was to reduce the initial obtained solution to a minimum and meaningful number of non test-related factors (Direct Oblimin method) following appropriate application of the Catell's Scree test (for more detailed justification of these factorial procedures see [7, 21] ). In addition, groups with extreme scores were formed (selecting subjects with variable scores of at least ± one standard deviation; see descriptive statistics in Table 1 ) in the most important OF variables as well as "entries into open sections" in ZM test, and Student's t-tests for independent groups were applied to compare those extreme subgroups. Table 1 indicates descriptive results of the whole sample of NIH-HS rats in behavioral measures of ZM and OF. They are quite comparable to those obtained in our previous studies with these rats tested in the ZM (e.g. [4, 8] ).
RESULTS
The correlation matrix ( Table 2) Obliquely-rotated factor analyses (direct oblimin) were then applied to the most relevant variables of the Elevated zero-maze and Open-field (Table 3(a) ). A 5-factor solution was obtained. Factor 1 seems to represent exploration in the ZM, since all the ZM variables (latency to open was the only which loaded negatively) loaded in that factor. Interestingly, rearings in the OF also loaded in Factor 1. Factor 2 seems to mainly represent fearfulness in the OF, since freezing loaded highly in that factor, just like crossings (which loaded negatively). Rearings (negatively) in the OF and to a lesser extent SAP in the ZM, also contributed to this factor. Factor 3, which showed a heavy negative loading of SAP-OF, seems to represent an instance of exploratory behavior, since OF rearings and crossings loaded positively in this factor, while SAP-ZM loaded negatively. Grooming in the OF heavily loaded in Factor 4, which also showed moderate loadings from latency to open, SAPs and headdips in the ZM, rearings and freezing (negative loading) in the OF. As grooming is reported to be increased by novelty exposure [26] , this factor seems to blend elements of investigatory behavior (SAP and head-dips in 
Tab le 3.
Factor analyses for the NIH-HS rat sample (five-and two-factor solutions). The negative loading of freezing in OF may result from its incompatibility with grooming. Rearings and defecations in the OF loaded in Factor 5, thus coupling a response sometimes seem as fearful (defecation) with an exploratory behavior (rearing). We aimed to obtain a minimum number of conceptually meaningful (and not so much test-related) factors, thus the first test-related 5-factor structure was reduced to two-factor solution after applying the Catell's Scree test (see "Eigenvalues" in Tables 3(a) and (b); see [7, 21, 22] , for application of the Catell's Scree test).
This solution (Direct Oblimin) showed two independent factors (correlation between factors = −0.074), with Factor 1 grouping anxiety variables frrom the elevated zero-maze test (loadings of −0.59 to 0.92; we called it "Maze timidity/conflict", to be consistent with our previous studies [7, 8, 11, 21] . Factor 2 appears to represent the behavioral change that rats make when they stop doing freezing behavior and begin to engage in exploratory behavior and self-grooming, as indicated by the loadings of open-field test variables (loadings of −0.25 to −0.74 for SAP-OF, freezing, self-grooming, rearings and crossings), which are accompanied by loadings of elevated zero-maze variables (loadings of −0.25 to −0.32 for Entries and Time). We thus temptatively called Factor 2 as "Open Behavior inhibition/desinhibition" factor. It is especially interesting that self-grooming showed a loading of −0.39, with the same sign than OF crossings (−0.74), OF rearings (−0.62) or ZM "entries" (−0.32), and opposite sign to freezing (0.65) (see Table 3 
(b)).
Finally, comparison between "low" (scores at least one standard deviation below the means) and "high" (score at least one standard deviation above the means) groups in respect to key variables (Figure 1) showed that: (a) "High grooming" duration group tended to spend less time freezing (t[25] = 1.99, p = 0.029, one-tailed) and to show less SAPs (t[25] = 2.03, p = 0.053) in the OF than the "low grooming" group (Figure 1(a) ). (b) As compared to the "low freezing" group, the "high freezing" group (Figure 1(b) ) was found to spend less time grooming, to perform less crossings in the OF, as well as decreased time and entries into the open sections of the ZM (t[25] > 2.11, p < 0.05; Figure 1(b) ). (c) "High crossings" group (Figure 1(c) ) presented less freezing and performed more rearings in the OF, as well as more entries into the open areas of the ZM than its "low crossings" counterpart (all t > 2.25, p < 0.05). (d) "High rearings" group performed more crossings and spent less time freezing in the OF, as well as decreased SAPs in the ZM as compared to the "low rearing" group (all t > 2.54, p < 0.05; Figure 1(d)) . (e) The group showing "higher entries into the open sections" in the ZM spent more time in these areas and less time freezing in the OF (all t > 3.26, p < 0.05), while they also tended to perform more crossings in the OF (t[25] = 1.76, p = 0.084) than the "low entries" group (Figure 1(e) ).
DISCUSSION
Ninety genetically heterogeneous NIH-HS male rats Table 1 ). In particular, they show relevant levels of freezing, and a mean duration of self-grooming that is in the range, or even higher than that typically shown by the "high-anxious" RLA rats (in fact, Roman rats which were tested in the open field approximately during the same period of the present study showed grooming values of 47.9 ± 5.9 s, the RLA, and 11.3 ± 2.4 s, the RHA rats; n = 12/strain; data not shown; but see [15, 24, 31] ).
(ii) The final two-fold solution of factor analysis reveals a first factor with high loadings of all variables from the elevated zero-maze ("Maze timidity/conflict" factor), and a second orthogonal (independent) factor which is dominated by crossings, rearings and freezing, and with lower loadings of grooming, OF-SAP, ZM entries and ZM time ("Open Behavior inhibition/disinhibition" factor). It is especially remarkable that, in the second factor, selfgrooming showed a loading of -0.39, with the same sign as crossings (−0.74), rearings (−0.62) or ZM "entries" (−0.32), and opposite sign to freezing (0.65). This suggests that OF self-grooming is a response associated to activity, in the present study, rather than to inhibition (see further discussion below). (iii) This contention is mostly confirmed by the comparisons between extreme subgroups (Figures 1(a) -(e)), as highlighted by the following summary of results: (a) The differences between the subgroups selected for extreme grooming scores in OF freezing (i.e. high groomers showed less freezing, p = 0.029, see Figure 1 Figure 1(b) ), the selection for extreme ZM entries predicts differences in OF freezing in the same direction (i.e. lower number of ZM entries are associated with higher levels of OF freezing; see Figure 1 (e)). Thus, according to the two different types of data analyses, i.e. the correlational-factorial approach and the analysis of differences between subgroups displaying extreme scores in representative variables, the results reveal some novel findings, notably that there exist associations among anxiety responses in the elevated zeromaze test and fearfulness-related responses in the openfield test in heterogeneous NIH-HS rats. To the best of our knowledge, these between-test associations are reported for the first time, and appear to be relevant for the concurrent validity of both tests. Freezing responses in the open-field test appear to be among the most powerful predictors of other OF responses (i.e. predicting differences in self-grooming and crossings) and, remarkably, OF freezing is also predictive of anxious behavior in the ZM (i.e. extremes in OF freezing predict differences in ZM "time" and "entries"). A paradoxical result was seen in a study using a very large sample of F2 rats (derived from the Roman rat strains), that showed a low positive correlation (r = 0.13, p < 0.001) between time spent freezing during the initial 4-min period in a novel chamber (a shuttle-box apparatus, before two-way active avoidance training started) and distance run in the center of an OF [21] . On the contrary, and more in agreement with what could be expected, the same study showed moderate positive correlations among the above-mentioned novelty-induced freezing measure and context-and cueconditioned freezing/fear in a classical conditioning procedure (r = 0.29 and r = 0.31, respectively; both p < 0.001; [21] ). These contrasting examples (of Aguilar et al. study) indicate that, even if the relationship between freezing in response to a novel environment and anxiety/ fearfulness measures obtained in other tests is hypothetically expected, it is poorly documented and/or still controversial. Present results represent, therefore, a confirmation that such a kind of inter-test relationship actually exists.
In the OF, it was found an interplay between freezing and SAP, at one hand, and crossings, rearings and grooming on the other hand (as suggest the sign of the respective variable loadings, see factor analysis in Table 3(b) ). This interplay is in line with the notion that, once in contact with novel stimuli, the individual disengages from ongoing behavior, devotes attention to risk assessment and, if threat is ruled out, exploratory behavior takes place. Along this sequence, arousal rises at first and falls afterwards. This notion/sequence roughly corresponds to the concept of a behavioral inhibition system proposed by [19] . Thus, once placed in the OF, a rat is expected to at first show freezing and SAP (these behaviors are devoted to risk assessment) which, after some time, can be replaced by exploratory behaviors (for example: locomotion and rearing) and grooming (supposed to be related to dearousal, see below). Importantly, there can be great inter-individual variability in the time needed for the shift from a predominant inhibition-driven evaluation of the new situation to an active exploratory strategy.
The finding that grooming in the OF loaded negatively in an inhibition/disinhibition factor, together with locomotion and in opposition to freezing in the same test, is suited for considerations about its supposed relationship with dearousal. One can assume that inhibition and arousal go in parallel in an OF session. As far as grooming is more likely to take place after (or if) novelty-elicited inhibition has ceased, present data support a relationship between grooming and dearousal. Such a relationship has been suggested [26] based on works showing increased grooming when rodents are, for example, exposed to novelty [34] , to unexpected stimuli [35] , or to conditioned aversive context [36] . While the proposed relationship between grooming and dearousal has been and is still useful as a hypothesis, the role grooming exerts-if required for dearousal or only is an expression of that process-remains an open question (for an examination of this issue, see [37] ).
The present results suggest that grooming would more likely be seen in individuals with relatively lowered inhibition (e.g. with low freezing in the open-field test; Figure 1(b) ). More inhibited NIH-HS rats would instead devote their time to freeze and to risk assessment. Indeed, rats have been reported to show low levels of grooming when exposed to (relatively high) aversive situations (which produce relatively higher inhibition responses) such as a session in a highly illuminated open field [38] , confinement to an open arm [39, 40] or during acquisition of the fear/anxiety-driven two-way active avoidance task [41] .
Thus, at variance with what has been reported with regard to open field-induced grooming in F2 hybrid rats [21, 22] , or with the Roman rat strains [15, [23] [24] [25] , or with plus-maze [42] or illuminated box-induced grooming in Wistar rats [43] , self-grooming in the present study represents (or goes in parallel to) behavioral disinhibition rather than anxiety or fear. Testing conditions and duration have been shown to be critical to allow fully expression of grooming responses, that in turn may have different conceptual (i.e. psychological) meanings as a function of different time points of novelty exposure or of different tasks or testing situations (see [37, 40, 44] ). Moreover, the type of subjects used, as well as (even subtle) variations of conditions (within and) across laboratories, can also lead to relevant changes in phenotype profiles [9] . It remains possible that longer test duration (e.g. 10 or 15 minutes rather than 5 minutes) would allow the appearance of more grooming behaviour and/or different "dynamics" of grooming responses as a function of time (for discussion see [40] ). If so, longer test duration could allow revealing different associations of grooming with other anxiety/fearfulness-related responses (and different conceptual meanings of grooming according to its dynamics), that are not detected with 5-min test sessions. Studies devoted to address some of these issues are currently under way.
Finally, the independence between the anxiety/conflict and inhibition/disinhibition factors found in the final factor analysis is remarkable, as well as the finding that these factors mainly correspond to the ZM and the OF tests, respectively. It is worth to mention that the ZM has been proposed and validated as a test for anxiety [4, 5, 8, 9, 32, 33] while the OF has long been used for evaluating anxiety/fearfulness as well as locomotor/exploratory activity [12] [13] [14] [15] [16] [19] [20] [21] [22] . Particular interest has the finding that extreme values of freezing in the open field test predict clear differences in ZM time and entries (into the open sections), and vice versa. Present results lend further support to the usefulness of these tests for the purposes they are commonly employed (i.e. anxiety, fearfulness) and add new evidence supporting their concurrent validity in heterogeneous rats, as indicated by the relationships observed among measures from both tests.
